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HELD OF THE INVENTION 
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BACKGROUND OF THE INVENTION 
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point of the known optimization methods is to keep the same share of fuel and air 
on each burner. If one burner carries a higher amount of fuel, a higher amount of 
air should be distributed to that burner. That is, the percent fuel and the percent 
air on one burner should be the same. However, now it has been surprisingly 
observed that occasionally either more or less air than the stoichiometric ratio 
would suggest, is needed for a certain burner in order to minimize the emissions. 
The reason for this phenomenon is unknown, but has most likely a connection to 
the mixing properties of the fuel and air in the flame. Therefore, a need exists in 
the industry for a method of optimizing air/fuel ratio wherein optimization will 
be made more efficiently being based on the measurements of the actual process 
conditions. 

The present invention relates further to soot cleaning optimization. Minimizing 
of emissions such as NOx, decreases also the need for soothing. Cleaning 
particles (fouling) from surfaces is a routine that is fairly common in the process 
industry. For example, when running a combustion process it is essential to keep 
heat exchanger surfaces clean for the sake of efficiency. Many different kinds of 
soot cleaners (blowers) are used and they are run according to a certain sequence 
to keep the heat exchange surfaces as clean as possible. It should be noticed that 
running soot cleaners is expensive. However, high expenses will emerge as well 
if soot cleaners are not used at all. Therefore, it is of great importance to optimize 
the soot cleaning process thoroughly. 

It should be noticed that cleaning heat exchanger tubes with steam, without any 
particle (soot in this case) layer on their surfaces, is very eroding for the walls of 
these tubes. Erosion of the heat exchanger tubes is again a very expensive affair. 

Typically the need for the soot cleaning is estimated from raised exhaust gas 
temperatures and possible steam temperature anomalies. This information does 
not necessarily give the precise information about which heat exchanger tubes 
has the most part of the soot stuck to its surface and which tubes are fairly clean. 



Therefore, a need exists in the industry for a method of optimizing soot cleaning 
whereby the soot cleaning will be made more economically and efficiently being 
based on the measurements of the actual process conditions. 



SUMMARY OF THE INVENTION 

It is an object of the invention is to provide a method for air/ fuel control wherein 
at least one of the group of primary airflow, mill parameters, and secondary 
airflow, 

is controlled using a control algorithm, which is determined by correlation 
analysis between ECT signals and the output and input signals of the process in 
order to detect dependencies, and by fuzzy modeling of the dependencies. 

Furthermore, an another object of the invention is to provide a soot cleaning 
optimization method to be used in a process industry in which information on a 
sequence of a cleaning, time between running, etc. variables for cleaning devices 
are optimized based on the measurement of the particles entrained in the gas 
stream of the process. The measurement is based on detecting static electricity 
and/or change thereof in the gas stream of the process. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is illustrated by way of an example and is not limited in the 
accompanying figures, in which alike references indicate similar elements, and in 
which; 

FIG. 1 illustrates schematically an air/fuel balancing concept according to 
the prior art, 

FIG. 2 illustrates schematically a flow scheme of correlation analysis 

according to the present invention, 
FIG. 3 illustrates schematically a fuzzy modeling algorithm according to the 

present invention, 
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FIG. 4 illustrates schematically an implementation of a control system 

according to the present invention, 
FIG. 5 illustrates a schematic embodiment of an arrangement according to 

the present invention, and 

FIG. 6 iUustrates a block scheme of an optimization according to the present 
invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Generally, die first aspect of the invention provides a method for air/ fuel control 
in burners, such as pulverized coal boiler, based on a measurement of a flow of 
particles for a suspension of gas and solids. The measurement can be used e.g. by 
using the measurement system disclosed in the applicant's earlier patent 
publication US 6,031,378 and/or the method disclosed in the applicant's earlier 
patent publication WO02/06775. The measurement system (Electric Charge 
Transfer System, ECT-system). disclosed in the above mentioned patent 
publications, is able to measure e.g. me velocity and the mass flow of particles 
for a suspension of gas and solids. The ECT measurement is of a local character, 
that is, the signal caused by me flowing particles is a function of distance from 
the particles to the ECT antenna. Therefore, a big duct requires use of many ECT 
antennas. It should be noticed that the particles entrained in the gas flow are not 
necessarily evenly distributed over the whole duct. Using several antennas will 
ensure that the particle flow is sensed properly over the whole duct, even though 
the rope of the particles would change its coordinates. Please note that a not even 
distribution of ash particles in the exhaust duct contains also a lot of valuable 
information. 

The ECT system measures the state of the two-phase flow in burner ducts. The 
ECT measurement splits the raw signal (ECT LF signal) into AC and DC 
components. DC component is the spectral line for ~0 Hz (mean value). Normal 
AC is the standard deviation of the raw signal on the frequency band 0.3-15 Hz. 
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The ECT velocity measurement collects measurement signals with a high 
sampling frequency (22 kHz). Fans and compressors as well as the combustion 
process (flame) cause pressure gradients in the gas flow. These gradients can be 
seen as intensified spectral density on different frequencies on the raw signal 
(ECT HF signal). 



It has been observed that some patterns in the above mentioned ECT signals 
correlate with the readings from the emission metering devices of the boiler. The 
ECT measurement will provide information whether more or less air is needed 
than the stoichiometric ratio between fuel and air would suggest. The 
methodology to determine the optimal dosing of air for a burner is explained in 
more detail below. 



The ECT signals (HP and LF) inirror the flow properties in the burner ducts. 
These flow properties depend on the process variables such as particle size, mass 
flow, particle velocity, and the flame properties (flame properties affect mainly 
the ECT HF signals). Dependency between the ECT signals and the output 
signals (NOx, CO, 02, airflow measurements, etc.) is estimated with different 
methods. The following methods can be used: correlation analysis, spectral 
analysis and fuzzy modeling. The result will be a dependency matrix showing 
which bumer(s) has the strongest connection to the emission rates (e.g. NOx and 
CO). 



The correlation analysis will typically build up large correlation matrixes 
between the ECT variables for the different burners as well as between the ECT 
variables of burners and me output variables (NOx, CO, 02, etc.). The size of the 
matrixes can be reduced significantly by ehnunating such ECT signals that have 
strong correlation to a chosen ECT signal. In order to reduce the size of the 
matrix, a loop between 1 and n (number of burner pipes) is established where j 
expresses the reference burner pipe and k is the burner pipe against which the 
correlation is checked. If the correlation is strong enough between the ECT 
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signals of the pipe j and the pipe k, the pipe k can be eliminated from the matrix 
due to the fact that the ECT signals for the pipe k is represented in the ECT 
signals in the pipe j because of the strong correlation. This method will reduce 
the size of the matrixes and would also make it possible to group different burner 
pipes according to their internal correlation. Please see the flow scheme 
illustrated in figure 2 (R shows the correlation). 

Spectral analysis is applicable only on signals mat have a well-defined sampling 
rate. This is not the case for many of the output measurements used in prior art 
methods, which are based on the principle of taking a sample and analyzing it 
offline. Also time of update for these measurements can be even a few minutes. 

The most potential signal for spectral analysis purposes is the ECT HF signal for 
each pipe because this signal type reflects well the state of the flame. Please note 
that two individual channels are used for each pipe to get the particle velocity. 
The flame impacts the ECT HF signals sirongly besides the fans that transport 
the gas into the boiler as well as out from the boiler. 

The spectral analysis will divide the ECT HF signals into different bands and 
determine which of the bands are correlating with the flame quality, and which of 
the bands are also related to other variables such as particle size, mass flow of the 
coal etc. The standard deviation will be calculated for each band and stored as a 
variable in a matrix. 



When the ECT-system is used, there are a lot of signals available with different 
properties. The key issue is to be able to determine the dependency between 
these signals in a reliable and simple way. Fuzzy logic rules fulfill these criteria. 
The noise has to be removed from the signal without loosing any relevant 
information in the signal. The algorithm works roughly as illustrated in figure 3 
for each measurement vector. 
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method for air/ fuel control according to the first aspect of the invention is not 
used. 

When the soot cleaning (particle cleaning) is in operation there will be more 
particles entrained in the gas stream than normally. The increase in the 
concentration of the particles will be calculated based on the increase in the ECT 
reading during the soot cleaning. Please see the illustration in fig 5 describing the 
arrangement. It should be noted, that the soot cleaning method according to the 
present invention can be cairied out by using also other suitable measuring 
systems than ECT and which can detect changes in the gas stream during the soot 
cleaning. Such systems include e.g. optical measuring systems and other 
electrical measuring systems. 

The dependency between each cleaner and the ECT reading is mapped. This 
means in practice that the amount of particles that has built up in the coverage of 
a cleaning device k is calculated from the ECT readings. 

mt^fCECT) /T k l 

where : 

m* = particle mass flow when cleaner fc is running 

T k = time elapsed between the last run of cleaning unit k 

It should be noticed that the signals from all ECT antennas win be used for 
calculating the mass of particles that are emerged into the gas stream by cleaning 
unit fc. In a situation where several cleaners are running simultaneously, a 
multivariable correlation analysis is to be applied. 

The main variable that is to be optimized is the time <J£ between the run of each 
cleaning device k (k=l,n, where n is the number of cleaning devices): This 
procedure is fairly straightforward. A limit (Mud for how big the m k is to be for 



cleaning is defined. The T k is then extrapolated from the latest ran of the cleaning 
unit k, by also noting other process variables such as gas flows, solid feeds, etc. 

Besides the elapsed time between the run of the cleaning unit, also fee runtime 
and other parameters concerning the cleaning device is to be determined in order 
to achieve a maximal cleaning efficiency. The object function for each cleaning 
device depends on the physical properties of the device and should, hence, be 
determined on a case by case basis. 

Furthermore, it has been observed that a certain signal behavior reflects specific 
conditions for the particles passing- fee antenna matrix. For example, a positive 
DC signal on a normal AC level indicates a higher content of carbon in the ash 
flowing past fee ECT antenna matrix. If fee particles show a high negative DC 
signal on a normal AC level, the particles possesses properties feat enable them 
to easily to stick onto fee surfaces. Hence, ECT signal can be used to estimate 
important properties for fee ash flowing in fee exhaust gas channel. Please note 
feat a high carbon in ash indicates a poor combustion and hence a risk for 
fouling. 

The concept according to fee present invention is used to optimize fee soot 
cleaning more thoroughly. The block scheme in fig. 6 illustrates fee procedure. 
At least partly based on ECT measurements, one can estimate one or more of fee 
following variables: i) a time to be elapsed between runs of cleaning units k, 2) 
fouling tendency of fee ash, and 3\ carbon content in ash. Beside said estimates, 
one can use one or more of fee following attributes as a variable in optimization: 
a) data imput (temperatures, steam date, etc.) from data collection system of fee 
process, b) data base containing history from previous cleaning and results, and 
c) ECT measurements. According to the present invention, by combining desired 
values from fee group of estimated variables 1-3 and variables a-c, optimization 
of fee soot cleaning process can be made. An aim of fee optimization process is 
to maximize fee efficiency of the process, such as the combustion process, and to 
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minimize the costs of the cleaning process. As a result from the optimization 
process, one achieves information which can be used to control the cleaning 
sequence, time between running of cleaning devices, or the like variables for the 
cleaning devices. 



The present invention provides an improved control for the soot cleaning 
process. Based on the information achieved with the optimization according to 
the present invention, one can e.g. define individually for each separate cleaning 
device different time between running and running parameters during cleaning. 

While the invention has been described in the context of a preferred embodiment, 
it will be apparent to those skilled in the art mat the present invention may be 
modified in numerous ways and may assume many embodiments other than that 
specifically set out and described above. The air/fuel optimization method and 
ttie soot cleaning optimization method can be exploited independently and thus 
described methods are not dependent of each other. Furthermore, it should be 
noted, that the soot cleaning method according to the present invention can be 
earned out by using also other suitable measuring systems than ECT and which 
can detect changes in the gas stream during me soot cleaning. Such systems 
include e.g. optical measuring systems and other electrical measuring systems. 
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Claims 



1. Method for air/ fuel control, wherein at least one of the group of primary 
airflow, mill parameters, and secondary airflow, 

is controlled using a control algorithm, which is o^termmed by correlation 
analysis between ECT signals and the output and input signals of the process in 
order to detect dependencies, and by fuzzy modeling of the dependencies. 

2. Soot cleaning optimization, wherein the optimization is based on one or more 
of the variables: i) time to be elapsed between runs of cleaning units k, 2) 
fouling tendency of the ash, and 3) carbon content in ash, which variables are 
estimated from ECT measurements. 
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each individual burner 




If more air flow needed, open 
damper more, otherwise close 
damper more 




Maximum and minimum is 
determined by skipping 
random spikes 



The signal is shared into n 
groups according to magnitude 
(10<n<100) 
defined as group vector 



Apply proper rules that 
connect the magnitude of the 
group vector to the output 
signal 
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DCS Data Input 
(Temperatures, 
steam data, etc.) 




1.1.1 Optimization of the soot . 
cleaning 

E = Maximizing the efficiency of 
the combustion process. 
C = Minimizing the cost 
Getting dependencies (e.g. to ECT 
burner signals and fouling) 

Object function: 

J * OPT(MAX(efficiency) + 
MIN(cost)) .'. 





where: 



T* = time elapsed between the last run of cleaning unit k 
m k = particle mass flow when cleaner k is running 



Fig. 6 
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